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In this issue of Chemistry & Biology, Rickman and
Davletov suggest a novel mechanism for biological
lipids to regulate synaptic transmission in the brain.
Physiologically relevant concentrations of arachi-
donic acid help to dissociate a protein complex in-
volved in exocytosis.
Considerable progress has been made in recent years
to characterize the gene cascades that orchestrate
synaptic transmission in the miniscule subcellular spe-
cializations between nerve cells, called synapses. One
central molecular principle that has emerged is the zip-
pering up of so called SNARE-domains in proteins resi-
dent in the synaptic plasma membrane and the synap-
tic vesicles that contain neurotransmitters [1]. This is
believed to drive exocytosis of the transmitter vesicles
by generating a fusion pore in the lipid bilayers. Now
the focus is shifting toward the mechanisms that set up
and regulate these complexes and especially to a few
other genes found to be essential for synaptic trans-
mission, such as the sec1/munc18 gene (SM-genes; for
a review, see [2]), Munc18-1. SM-proteins bind syntax-
ins, a class of the SNARE proteins, and inhibit SNARE
complex formation in vitro [3]. SM-genes are invariably
important for membrane fusion processes in many spe-
cies and intracellular trafficking routes, but an uncom-
fortable lack of consensus exists as to how these
genes act, especially in relation to the SNARE genes.
The interaction studies in vitro suggest that Munc18-1
inhibits exocytosis by reducing syntaxin availability, but
some in vivo studies suggest the opposite [4, 5]. What
the molecular functions of Munc18-1 are has been “the
million dollar question” in this research field [6].
Rickman and Davletov now report that biological lip-
ids, especially the fatty acid arachidonic acid, allow
SNARE complexes to assemble in the presence of
Munc18-1, while they do not under standard in vitro
conditions (without lipids) [7]. This assembly in the
presence of Munc18-1 can also be achieved by addi-
tion of phospholipase A2 (PLA2) to synaptic mem-
branes. PLA2 is abundant in brain and hydrolyzes
membrane phospholipids to release unsaturated fatty
acids such as arachidonic acid. PLA2 is known to be
regulated by many physiological stimuli like Ca2+-influx
[8]. This direct effect of arachidonic acid on the syn-
taxin1/Munc18 complex suggests a novel mechanism
in the assembly of SNARE complexes and also sheds
new light on the apparent discrepancies between ob-
servations in vitro and in vivo concerningmunc18 func-
tion. The negative effect of Munc18-1 on syntaxin avail-
ability may not be such an obstacle to form SNARE
complexes in vivo as previously thought.
Traditionally, the main focus in synapse research has
been on genes and proteins. The findings by Rickmanand Davletov add to a number of recent discoveries that
underline the important role of lipids (for a review, see
[9]). It is becoming clear that many proteins implicated in
exocytosis and endocytosis bind lipids, such as diacyl-
glycerol, phosphatidylinositol phosphates, and choles-
terol, and that in some cases these lipids have profound
effects on the activity of the proteins. Munc18-1 and
syntaxin are probably the first proteins involved in
secretion identified to be directly influenced by arachi-
donic acid. It remains to be determined whether these
proteins (or their dimers) actually interact directly with
the fatty acid and whether other biological lipids like
the ones mentioned above may also affect the Munc18-
syntaxin interaction and SNARE complex formation.
Two recent findings indicated that phosphatidylinosi-
tol-4,5-bisphosphate (PI4,5P2) levels are particularly im-
portant for synaptic vesicle trafficking (for instance by
regulating the releasable vesicle pool size) and that de-
fined microdomains enriched in this lipid exist in secre-
tory cells [10–12]. Cellular Munc18-1 levels are known
to regulate this releasable pool as well [4]. Since arachi-
donic acid is two enzymatic steps away from PI4,5P2, it
is conceivable that the effect of arachidonic acid on the
munc18-syntaxin interaction is one of the mechanisms
underlying this regulation.
Lipid modifying enzymes also influence secretion (for
a review, see [9]). This suggests that the presence of
lipids is not merely a background requirement for
proper protein function, but that their levels are proba-
bly regulated locally and that this is a biological mecha-
nism to regulate secretion. Phosphoinositide kinases
and phospholipases A2, C, and D have now all been
firmly established as such regulators, but often without
identifying the underlying molecular mechanisms. Clearly,
the weakening of the munc18-syntaxin interaction is
now a prime candidate principle to explain such regu-
lation.
Rickman and Davletov provide clear reasons to argue
that arachidonic acid acts as a regulator of SNARE
complexes and vesicle fusion by allowing SNARE com-
plex formation in the presence of Munc18-1. It remains
to be determined how important Munc18-syntaxin
dissociation actually is for secretion. At least four argu-
ments challenge this. First, syntaxin is far more abun-
dant than Munc18-1 in nerve terminals, and the distri-
bution of the two proteins may only partially overlap.
No other proteins are known to prevent the free syn-
taxin molecules from engaging in SNARE complexes,
and only few SNARE complexes are expected to be
required for exocytosis. Second, replacement of syn-
taxin in nematodes (UNC64) by a syntaxin mutant with
no apparent affinity for UNC18 produced animals with
(almost) normal transmission [11]. Third, mutations in
the yeast SM-protein Sly-1 that abolish its interaction
with its cognate syntaxin are fully functional in vivo [13].
Fourth, several proposed functions of (m)unc18, for in-
stance docking, do not necessarily require syntaxin [4,
5]. This debate underlines the need for new studies that
address the interactions between presynaptic proteins
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events taking place prior to exocytosis. Clearly, the
presence and regulation of lipids cannot be neglected.
Therefore, a main future challenge will be to try to
test the biological relevance of lipid actions like the ar-
achidonic acid effect in functional nerve terminals.
What are their local concentrations in nerve terminals,
and are these levels regulated and how and when?
Clearly, the new million dollar question is how to study
causal relationships between local lipid metabolism in
the nerve terminal and exocytosis. This is a tremendous
future challenge because current methodology is defi-
nitely incapable of addressing such specific questions.
But undoubtedly, the physiological regulation of local
lipid levels and their spatial organization are crucial
new directions for neuroscience and cell biology, more
broadly. And by addressing the new million dollar ques-
tion, we may also obtain answers for the previous one.
Matthijs Verhage 1
Department of Functional Genomics
Center for Neurogenomics and Cognitive Research
1Vrije Universiteit and
Vrije Universiteit Medical Center 1
De Boelelaan 1085
1081 HV Amsterdam
The Netherlands 1elected Reading
1. Sollner, T., Whiteheart, S.W., Brunner, M., Erdjument-Bromage,
H., Geromanos, S., Tempst, P., and Rothman, J.E. (1993). Na-
ture 362, 318–324.
2. Toonen, R.F.G., and Verhage, M. (2003). Trends Cell Biol. 13,
177–186.
3. Pevsner, J., Hsu, S.C., Braun, J.E., Calakos, N., Ting, A.E., Ben-
nett, M.K., and Scheller, R.H. (1994). Neuron 13, 353–361.
4. Voets, T., Toonen, R.F., Brian, E.C., de Wit, H., Moser, T., Rettig,
J., Sudhof, T.C., Neher, E., and Verhage, M. (2001). Neuron 31,
581–591.
5. Weimer, R.M., Richmond, J.E., Davis, W.S., Hadwiger, G., No-
net, M.L., and Jorgensen, E.M. (2003). Nat. Neurosci. 6, 1023–
1030.
6. Rizo, J., and Sudhof, T.C. (2002). Nat. Rev. Neurosci. 3, 641–
653.
7. Rickman, C., and Davletov, B. (2005). Chem. Biol. 12, this issue,
545–553.
8. Brown, W.J., Chambers, K., and Doody, A. (2003). Traffic 4,
214–221.
9. Rohrbough, J., and Broadie, K. (2005). Nat. Rev. Neurosci. 6,
139–150.
0. Milosevic, I., Sorensen, J.B., Lang, T., Krauss, M., Nagy, G.,
Haucke, V., Jahn, R., and Neher, E. (2005). J. Neurosci. 25,
2557–2565.
1. Richmond, J.E., Weimer, R.M., and Jorgensen, E.M. (2001). Na-
ture 412, 338–341.
2. Di Paolo, G., Moskowitz, H.S., Gipson, K., Wenk, M.R., Voro-
nov, S., Obayashi, M., Flavell, R., Fitzsimonds, R.M., Ryan, T.A.,
and DeCamilli, P. (2004). Nature 431, 415–423.
3. Peng, R., and Gallwitz, D. (2004). EMBO J. 23, 3939–3949.
